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Detection of patent foramen ovule by contrast echocardiography is
based on transient inversion (right atrial pressure higher than left
atria) pressure) of the interatrial pressure gradient . Therefore, the
presence of left-sided heart disease with potential elevation of left
atria) pressure might obscure the diagnosis of patent foramen
ovate. Accordingly, 150 patients (88 men, 62 women ; mean age
51.7 t 15.2 years) were evaluated for a patent foramen ovate by
transesephageal contrast echocardiography
. Additionally, atrial
septal motion during normal respiration and during the Valsalva
maneuver was analyzed.
Patency of the foramen male was observed in 20 (27%) of 74
patients without left-sided heart disease and with previous arterial
embolism, in none (0%) of 25 patients with left-sided heart disease
and embolism, in 7 (39%) of 18 patients without left-sided heart
disease and without embolism and in 3 (9%) of 33 patients with
Paredoxic arterial embolism by way of a patent foramen
ovale represents a potential mechanism of otherwise unex-
plained acute ischemic events (1,2) . Contrast echocardiog-
raphy allows simple diagnosis of patent foramen ovate by
detection of a small right to left shunt (3-6) . However, in
patients with left-sided heart disease right to left shunting
might be prevented by an elevated left atrial pressure and,
therefore, in this patient group the true prevalence of patent
foramen ovate might be underestimated, We evaluated the
significance of left-sided heart disease for the detection of
Talent foramen ovale by transesophageal contrast echocar-
diography.
Methods
Patient groups (Tame 1). The study protocol was in
accordance with the guidelines of the Institutional Ethics
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left-sided heart disease and without embolism . The detection rate
of patent foramen ovate was lower in patients with than without
left-sided heart disease (5% vs . 29%, p = 0.00(17) but was similar
in patients with and without embolism (20% vs . 19 .5%, p = NS) .
Abnormal Initial septa) motion was more frequently observed in
patients with left-sided heart disease (p = 0
.0003) and was
inversely correlated to detection of patent foramen ovale (p =
0.0003).
Nfultivariate analysis revealed an Independent association be-
tween the absence of left-sided heart disease and the detection of
patent foramen male (p = 0 .0003) . These data suggest that in
patients with left-sided heart disease, potency of the foramen ovate
may be missed even by transesophageal contrast echocardiog-
raphy.
(J Am Coll Cordial 1992 ;19.1192-6)
Committee. Informed consent was obtained from all pa-
tients . Overall, 150 patients (88 men, 62 women ; mean age
51.7 ± 15 .2 years) were studied and assigned to one of four
groups
. Group A (n = 74) comprised patients with a recent
embolic event and without relevant left-sided heart disease .
Group B (n = 25) comprised patients with an embolic event
but with relevant left-sided heart disease
. Group C (n = 18)
included patients without an embolic event and without
left-sided heart disease. Group D (n = 33) comprised pa-
tients without an embolic event but with relevant left-sided
heart disease .
The demographic data of the
four patient groups are
listed in Table l . Groups A and B comprised consecutive
patients with suspected embolism of unknown origin ; 84
patients had a history of a recent cerebrovascular accident,
and 18 had acute ischemia of the limb
. Patients were
included if an extensive neurologic and angiologic evaluation
did not reveal any other etiology for the acute ischemic
evert . The neurologic evaluation included a thorough clini-
cal examination, duplex sonography of the extracranial
vessels and cerebral computed tomography in all patients
.
Cerebral angiogmphy was performed if considered appropri-
ate. All patients with acute ischemia of the limb underwent
digital intraarterial angiography . Group C comprised pa-
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Table 1 . Demographic Data of Patient Groups A to D
- = Absent: + = presem .
tients without cardiac disease who underwent transesopha-
goal echocardiography for evaluation of the presence of
patent foramen ovale before neurosurgery in the sitting
position
. Group D included consecutive patients with rele-
vant left-sided heart disease but without a history of embo-
lism who had been referred for transesophageal echocardiog-
raphy for various indications (Table 1).
Cardiologic evaluation
. All patients were thoroughly ex-
amined clinically. Furthermore, a 12-lead electrocardio-
gram, chest radiograph and both transthoracic and trans-
esophageal echocardiography were performed . Relevant
left-sided heart disease was assumed if exertional dyspnea
(New York Heart Association class Ill or IV) or tadiologic
signs of pulmonary venous congestion . Or both, were present
in combination with one of the following echocardiographic
criteria: 1) markedly reduced left ventricular systolic func-
tion (left ventricular ejection fraction <40%) ; 2) significant
mitral valve disease (mitral valve area <1 .3 cm'- or mitral
regurgitation >grade 214, or both) ; 3) left ventricular hyper-
trophy with enlargement of the left atrium (diameter in the
left parasternal long-axis view >4 cm) .
Transesophagealcontrast echocardiography. Transesoph-
ageal echocardiography was performed on a Vingmed
CFM700/800 system by use of a monoplane 5 MHz trans-
ducer, After obtaining optimal visualization of the atrial
septum, 2 to 10 ml of a hand-agitated 5
.5% solution of
Oxypolygelatine (Gelifundol, Biotest-Pharma) was injected
into a large cubital vein over an indwelling 18-gauge cannula .
Subsequently, the appearance of contrast agent in the right
atrium was monitored and recorded on videotape . Contrast
studies were performed in each patient during normal respi-
ration and during the Valsalva maneuver . All studies were
Patient Group
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Figure l
. Detection rate of patent foramen ovale in patient groups A
to D. k POS = percent of positive studies.
interpreted by two experienced observers and repeated until
consensus was obtained
. Results of contrast studies were
judged positive if microbubbles appeared in the left atrium
within three cardiac cycles of their appearance in the right
atrium . In addition, phasic motion of the atria) septum during
normal respiration and during the Valsalva maneuver was
analyzed
. Atriat septa) motion was judged normal if inter-
mittent convexity of the atral septum toward the left atrium
was observed during normal respiration or immediately after
release of the Valsalva strain .
Statistical analysis- Groups were compared by use of the
chi-square test. Stepwise multiple regression analysis was
used to examine the relation between the detection of patent
foramen ovale and clinical variables
. Statistical significance
was defined as p < 0.05.
Results
Detection rate or patent foramen ovate in various patient
groups . Overall, patency of the foramen ovate was observed
in 30 (20%) of the 150 patients, whereas results of contrast
studies were negative in 120 (80%%) of the 150 patients . The
detection rate of patent foramen ovate was low in groups B
(0%) and D Imo) and was signifi.:antly higher in groups A
(27%) and C (39%) (Fig. 1)
. Similar rates of positive study
results occurred in patients with (20%) and without (19
.5%)
an embolic event (p = NS). However, there were significant
differences related to the presence of left-sided heart dis-
ease
. A patent foramen ovate was detected in 29% of
patients without cardiac disease but could be identified in
only 5% of patients with significant left-sided heart disease
lip = 0.0007) (Fig. 2).
Atrial septai emotion in patients with and without left-sided
heart disease (Table 2). During normal respiration, phasic
motion of the
aortal
septum toward the left atrium was
observed in 71)47%) of the 150 patients and was absentia 79
patients (53%). With response to the Valsalva maneuver,
intermittent septa) motion toward the left atrium occurred in
93 patients (62%) and was absent in 57 patients (38%) .
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Figure 2
. Detection rate of patent foramen ovule in patients with
and without left-sided heart disease
. LSHD+ = left-sided heart
disease present
: LSHD- = left-sided heart disease absent : % POS
= percent of positive studies .
Compared with patients without cardiac disease . patients
with left-sided heart disease more frequently had abnormal
motion of the atria! septum during normal respiration (p <
0
.0001) and during performance a, the Valsalva maneuver
(p < 0.0001) (Table 2) .
Relation between atrial septal motion and detection of a
patent foramen ovate. Of 30 patients with patency of the
foramen ovale, atria) septal motion during the Valsalva
maneuver was normal in 27 (90%) and abnormal in 3 (10%)
(p < 0 .001)
. Of 120 patients without a patent foramen ovale,
atria) septal motion was normal in 66 (55%) and abnormal in
54 (45%) (p = NS).
Regression analysis . The significance of left-sided heart
disease for detection of patent foramen ovate was further
confirmed by univariate and multivariate regression analy-
sis . By univariate analysis, both left-sided heart disease and
abnormal septa) response to Valsalva strain were inversely
correlated to the presence of a patent foramen ovale (Table
3) ; however, by multivariate analysis only the absence of
left-sided heart disease appeared to he independently asso-
ciated with the detection of a patent foramen ovate (p =
0.0003) (Table 4) .
Table 2 . Septa) Motion Pattern in 150 Patients With and Without
Left-Sided Heart Disease During Normal Respiration and During
Performance of the Valsalva Maneuver
Left-Sided Heart Disease
Present
	
Absent
Septa] Motion to = 581 (n = 92) p
Value-
Normal respiration
Normal
4(770 67 (7371)
Abnormal 54 (937)
25 (27'hl
Valsalva maneuver
Normal 12121%) 81 (887x1
Abnormal 46179901. II 11251
-Comparison
of patients with and without Ie0-sided hzan disease
.
< a.bbdl
< 0.nOot
p = Standardized regression coethcient
.
Discussion
Detection of patent foramen ovule in left-sided heart dis-
ease. Our data indicate that contrast echocardiography may
systematically underestimate the true prevalence of patent
foramen ovale in patients with left- sided heart disease . This
observation might be explained as follows . Echocardio-
graphic detection of patent foramen ovate is based an
transient inversion (right atria) pressure > left atrial pres-
sure) of the interatrial pressure gradient, which allows con-
trast material crossover from the right to the left atrium
.
However, in patients with elevated left atria) pressure . a
phasic positive pressure gradient between the right and left
atrium may disappear and right to left shunting may be
absent despite patency of the foramen ovate .
Atrial septal motion pattern in left-sided heart disease .
Because shape and motion of the atria) septum are supposed
to correlate well with the interatrial pressure gradient (7,8),
cyclic motion of the atria] septum during both the normal
cardiorespiratory cycle and the Valsalva maneuver was
analyzed
. Patients with significant left heart disease usually
demonstrated an accentuated convexity of the atria) septum
toward the fight atrium without significant phasic motion
during the cardiac cycle. Moreover, in most
of these pa-
tients, normal motion of the atrial septum toward the left
atrium immediately after release of the Valsalva strain was
absent
. This finding and the significant con-elation between
different patterns of atrial septa[ motion and the detection of
patent foramen ovale by contrast echocardiography further
substantiate the previously mentioned hypothesis .
Patent foramen ovate in patients with and without arterial
embolism. Detection rates of patent foramen ovale were
similar in patients with and without embolism . Moreover,
Table 4. Association Between Detection of Patent Foramen Ovate
and Patient-Related Variables : Multivariate Analysis
A = Standardized regression
coefficient.
9
p Value
Lefl-sided hear) disease 10 = no . I = yes) -0.294 0.0003
Gender 10 = female : 1 = male) 0
.154
0
.056
Patient age (ye) -0.141 0.0X6
Septa) motion (0 =abnormal . I = ,,vane)) 0.165 0.122
History or embolism to = no, I = yes)
-0.124 0.145
Auial fibrillation (0 = no. I = yes) -0.095 0.292
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Table 3 . Association Between Detection of Patent Foramen Ovate
and Patient-Related Variables : Unisariate Analysis
P
P Value
% 60
0
29,3%
Leftided hear) disease m = no. 1 = yes) -0294 0.0003
Septa) motion Io =
abnormal. I = normal) 0 .288 0.0003
S 40 Atrial fibrillation 10 = no. I = yes) -0 .215 0.0084
Patient age (yr)
-0
.141 1.086
20
5,2
Gender 10 = 1ema1e. 1 = male) 0 .081 0.323
History of embolism (0 = an. I = vest 0.007 1:.931
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Table 5 . Echocardiographic Abnormalities in 99 Patients With
Suspected Cardiac Embolism With and Without Patent
Foramen Ovate
multivariate analysis showed that only !he absence
of
left-
sided heart disease, but not a history of embolism, was
highly associated with a positive contrast study . This finding
is not in agreement with previous studies (9 .10) that have
suggested a higher prevalence of patent foramen ovate in
patients with embolism but is in line with more recent data .
where similar rates of positive findings in patients with and
without embolic events were reported (11). In none of these
studies was correction for the presence of left-sided heart
disease performed . This should be particularly important if
subgroups of patients with and without other potential
cardiac sources of embolism are compared (9) . In the present
study various cardiac abnormalities were found less fre-
quently in patients in whom a patent foramen ovate had been
detected (Table 5). This finding might be misinterpreted as
an increased prevalence of patent foramen ovate in patients
without other cardiac sources of embolism, but it can be
explained by the decreased detection rate of patent foramen
ovate in left-sided heart disease .
Clinical implications. The present findings do not exclude
the fact that paradoxic embolism may play a role in some
patients with an otherwise unexplained embolic event . How-
ever, they suggest that paradoxic embolism is an infrequent
cause of otherwise unexplained ischemic events and that the
sole detection of patent foramen ovate does not allow the
diagnosis of paradoxic embolism.
Conversely, negative results of contrast studies in pa-
tients with left-sided heart disease do not exclude patency of
the foramen ovate . This observation should be of minor
importance, because paradoxic embolism is not likely to
occur with elevated left atrial pressure . However, with
changes in left or right atria] pressure, as in the case of
therapeutic intervention or intercurrent pulmonary embo-
lism. paradoxic embolism through a patent foramen ovate,
although not detected previcus'y, may occur .
Limitations. Simultaneous invasive atrial pressure mea-
surements were not obtained systematically, because perfor-
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mance of cardiac catheterization was considered inappropri-
ate in patients without clinical indication . Therefore .
invasive pressure data (Swan-Ganz catheter within 2 weeks)
were available in only 37 of the 58 patients classified as
having relevant left-sided heart disease . An elevated pulmo-
nary artery wedge pressure (>12 mm Hg) and a significant
left aerial to right atria] pressure difference (>5 mm Hg) were
present in all but one of these patients . In this patient, who
had dilated cardiomyopathy and recurrent pulmonary embo-
lism
. the right atrial to left atria) pressure difference was
9 mm Hg . Of note, abnormal convexity of the atria) septum
toward the left atrium was evident in this patient throughout
the cardiac cycle and, indeed . crossover of contrast material
through a patent foramen ovate was detected .
Furthermore, the diagnosis of patent foramen ovate was
not validated invasively . However,transesophageal contrast
echocardiography is generally accepted as the noninvasive
standard for diagnosis of patent foramen ovate and the
supen'nrity of this technique to transthoracic contrast echo-
cardiography was demonstrated recently (12,13) . If patients
with left-sided heart disease are excluded, the detection rate
of patent foramen ovate of 29% in the present study com-
pares well with data from a recent large series of patients (11)
and with data from autopsy studies (14) .
Conclusions. Our data underline the relevance of left-
sided heart disease in the detection of patent foramen ovate
by contrast echocardiography. Therefore, the presence of
left-sided heart disease should be given particular consider-
ation in popalation studies on the prevalence of patent
foramen ovate. Failure to detect a patent foramen ovate in
left-sided heart disease might occasionally be of clinical
relevance . because it might obscure the diagnosis of true
paradoxic embolism, particularly if changes in the interatria!
pressure relation have occurred.
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